Objective: To compare food group intakes in grams, total energy and energy contribution from macronutrients between two random samples of women, using a standardized computer program (EPIC SOFT) with either a face-to-face or a telephone 24 h recall interview design. Methods: Two groups of Norwegian women living in Tromsø were drawn at random from the Norwegian Women and Cancer Study (NOWAC) cohort. The EPIC SOFT computer program was used to conduct single 24 h dietary recalls either by telephone or face to face. For the latter, 160 women were invited, of whom 111 responded positively (crude response rate ¼ 69.4%) and 102 were interviewed. For the telephone option, 180 were invited to participate, 109 responded positively (crude response rate ¼ 60.6%) and 103 were interviewed. Results: The two groups of women were similar with respect to age, body mass index, basal metabolic rate, smoking, education, physical activity and special diet status. No statistically significant difference in dietary intake was found between interviews conducted by telephone and face-to-face, except for 'egg and egg products' (P < 0.01), for which intake was higher in the telephone group. Total energy intake differed, but the difference was attributable to one interviewer. The distribution of energy-contributing nutrients was not significantly different between groups, except for reported energy percentage from protein (P ¼ 0.02), which was significantly higher in the face-to-face group. Conclusion: The telephone vs face-to-face interview design did not influence recalled diet when using the EPIC SOFT program.
Introduction
The European Prospective Investigation into Cancer and Nutrition (EPIC) is a large multi-centre prospective cohort study involving more than 500 000 subjects in 10 European countries (Germany, The Netherlands, UK, France, Spain, Italy, Greece, Sweden, Denmark and Norway; . Different dietary questionnaires and strategies for data collection have been used to assess usual dietary intake of individual subjects in each country cohort. In order to compare and pool dietary data obtained from these different baseline dietary assessments, additional single 24 h dietary recalls, used as common calibration measurements, were collected from a representative sub-sample of the study populations . A highly standardized 24 h dietary recall computer program named EPIC SOFT, adapted to each of the 10 European countries participating in EPIC, was developed for the so-called EPIC calibration study (Slimani et al, 1999 (Slimani et al, , 2000 . In all countries except Norway, the 24 h recall interviews were conducted face-to-face. However, in Norway, the cohort was drawn at random from the total population, and because of the wide geographical distribution of participants throughout a sparsely populated country, the face-to-face method used in the other EPIC centres was modified for telephone interview to collect the 24 h dietary recalls needed for the calibration study.
Studies to compare 24 h face-to-face dietary recalls with telephone recalls to assess mean energy and protein intakes (Bogle et al, 2001) , macronutrients and micronutrients (Galasso et al, 1994 ) and total energy intake and energy expenditure (Tran et al, 2000) have yielded satisfactory results. Traditionally, 24 h dietary recall has been recorded by a face-to-face interview, but interviews conducted by telephone have become increasingly common (Andersson & Rossner, 1996; Bogle et al, 2001; Tran et al, 2000; Fox et al, 1992; Casey et al, 1999) and are considered as a feasible alternative to expensive and time-consuming face-to-face methods (Fox et al, 1992; Posner et al, 1982) .
To evaluate the validity of the method of telephone interviews used for the Norwegian 24 h dietary recalls vs the face-to-face approach used in the other EPIC countries, a comparison study was undertaken based on random sampling of two groups of women from the Norwegian cohort. The aim was to compare reported food group intakes in grams, total energy intake and energy contribution from macronutrients using EPIC SOFT with either a face-to-face or a telephone 24 h recall interview design similar to the interviews in the Norwegian part of the EPIC calibration study.
Methods

Sample
Two groups of women living in Tromsø, the major city in northern Norway were drawn at random from the Norwegian Women and Cancer cohort, NOWAC (Lund & Gram, 1998; Hjartaker & Lund, 1998) . The two groups were randomly selected among the 494 eligible women in the city, who remained after the subjects had been sampled for the EPIC calibration study. This comparison study was restricted to Tromsø to avoid practical problems of long travel distances in northern Norway. For the face-to-face interviews, 160 women were invited to participate. One woman had died shortly before the start of the study. A total of 111 women responded positively after two reminders, giving a crude response rate of 69.4%. Nine women were absent due to disease or holidays. Thus, 102 interviews were completed. For the telephone interviews, a total of 180 women were invited, of whom two had moved from the city. A total of 109 answered positively after one reminder, giving a crude response rate of 60.4%. However, only 103 were interviewed, since the desired number of interviews conducted in each group was set at 100 and interviewing was stopped when the group sizes were equal.
The Norwegian picture booklet The methodology of the standardized 24 h recall based on the EPIC software has been described in detail elsewhere (Slimani et al, 1999) . For the Norwegian telephone design, some adjustments were needed. The original EPIC SOFT picture book (Van Kappel et al, 1994) , with 146 series of pictures used to quantify food portion sizes, contained photos for all EPIC countries. Not all these pictures were relevant in a Norwegian context. The EPIC SOFT picture book was too large to be mailed to the 3000 women invited to participate in the Norwegian calibration study. Therefore, an adapted picture booklet was made based on a sample of 45 photo series from the original EPIC SOFT picture book, with different foods and dishes with different portion sizes relevant for the Norwegian diet. In addition, four series of pictures of different bread-shapes were added to the Norwegian booklet together with five series of photos of glasses, cups and plates of different size. The final adapted picture booklet had 36 pages.
Data collection procedures
The face-to-face interviews were performed at the University Hospital of Tromsø in the Department of Clinical Research. For the face-to-face interviews, plates, cups, glasses and spoons were used for quantification purposes, together with the Norwegian food quantification booklet that was mailed to the participants in the calibration study. As part of a feasibility study, blood samples were collected from women who were interviewed face to face. The women interviewed by telephone were mainly called at home, but a few were called at work, according to their own choice. The quantification booklet was mailed to the group interviewed by telephone and the interview routines were similar to the recalls in the calibration study. All interviews in both groups were conducted between Monday and Friday, from February to June 2000.
The EPIC SOFT did not contain questions on education status, physical activity and smoking. These variables were therefore based on data from a NOWAC questionnaire answered by the women in 1998. Data on height and weight were recorded in the 24 h recall interviews.
Interviewers
The interviews were conducted by seven interviewers who had all been trained by the nutritionist responsible for the Norwegian part of the EPIC calibration study. The nutritionist monitored the interviews, provided feedback to the interviewers, answered questions as they arose, and edited the final interviews. Three trained nurses working at the University Hospital of Tromsø in the Department of Clinical Research conducted all face-to-face interviews. Three students at the University in Tromsø and one dietician conducted the telephone interviews.
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Statistical methods
In EPIC SOFT, food items are classified into 17 common food groups. The analysis was conducted using this food classification system that is common across the EPIC countries. The energy intake was calculated based on the country-specific food composition figures already implemented in the Norwegian version of the EPIC SOFT program. These figures where mainly based on the Norwegian Food Composition Table (National Nutrition Council & Norwegian Food Control Autority, 1995). Basal metabolic rate (BMR) for each subject was estimated based on sex, age, weight, and height according to FAO=WHO=UNU (1985) . Statistical analyses were performed using the SPSS software package, version 10.0. Parametric methods were used when analysing distribution of background variables among the study groups and total energy intake. Intakes at food group level and energy distribution were, however, not normally distributed, mainly due to the large number of non-consumers associated with each food group. Thus, non-parametric methods were used when analysing these variables. Statistical comparisons between groups were performed by Student's t-test, KruskalWallis test, Mann -Whitney test, linear regression analysis, or chi-square statistics when appropriate.
Results
The two randomized groups of women were comparable with respect to the characteristics outlined in Table 1 . The two groups did not differ significantly according to weekdays of interview (Pearson chi-square, P ¼ 0.56). The numbers of subjects reporting illness at the recording day were significantly different in the two groups (Pearson chi-square, P ¼ 0.03), being two and nine subjects in the face-to-face and telephone groups, respectively. For the analyses of total energy and energy distribution, these subjects were not included. No statistically significant difference in reported dietary intakes was found between subjects interviewed by telephone or face-to-face, except for 'egg and egg products' (P < 0.01), of which intake was higher in the telephone group (Table 2 ). For reported intake of 'potatoes and tubers', there was a difference of borderline significance (P ¼ 0.052), with a somewhat higher reported intake among the face-to-face group than in the telephone group. Thus, only one of 17 food groups differed significantly between the women interviewed face-to-face and by telephone.
As shown in Table 3 , the group interviewed by telephone reported significantly lower energy intake than the face-toface group (P ¼ 0.02). The energy contribution from macronutrients did not differ significantly between the groups, except for the energy percentage from protein, which was significantly higher in the telephone group (P ¼ 0.02). When mean energy intake per interviewer was assessed as the dependent variable by the Kruskal -Wallis test, the difference attributed to the interviewers was of borderline significance (P ¼ 0.056), as shown in Table 4 . The interviewer recording the highest mean energy had 2218.6 kcal which was 341.7 kcal more than the interviewer recording the second highest mean energy intake. When analysing difference in energy between interviewers by linear regression the parameter estimates did not change when adjusting for body mass index and physical activity. By excluding the interviewer who recorded the highest energy intakes the P-values increased from 0.056 to 0.876. The difference in total energy intake between the two groups of women disappeared when the same interviewer was excluded from the analysis (P ¼ 0.46). Table 5 shows the impact of excluding one interviewer at a time on mean energy intake in the face-to-face vs the telephone group. Only exclusion of interviewer no. III caused an obvious reduction in difference between the two groups.
The mean estimated energy intake : basal metabolic rate (EI : BMR) for the face-to-face and telephone groups was 1.39 and 1.27, respectively (P ¼ 0.04; subjects reporting illness on recall day were excluded). There was no significant difference in EI : BMR between the face-to-face group and the telephone group nor any difference between interviewers when the interviewer with the significantly higher energy was excluded.
Discussion
In this paper, we have presented the results of a study to compare the impact on reported diet and energy intake of telephone interviews vs face-to-face interviews for 24 h dietary recalls. The major conclusion of this study is that the EPIC SOFT 24 h dietary recall program can be administered by telephone or in-person interviews without a significant Comparison of telephone vs face-to-face interviews M Brustad et al difference in estimated dietary intake. Mean total energy intake did differ, but this difference was entirely attributable to one interviewer. Several studies have concluded that telephone and faceto-face diet recalls appear to be interchangeable (Galasso et al, 1994; Tran et al, 2000; Casey et al, 1999; Krantzler et al, 1982) . Fox et al (1992) reviewed telephone surveys as a method for obtaining dietary data and indicated that well designed and well administered telephone surveys are as good as, and may be better than, other dietary assessment methods. Morgan et al (1987) examined nine different methods for assessing dietary status, including in-person interview, telephone, mail and combinations of these meth- Comparison of telephone vs face-to-face interviews M Brustad et al ods. It was concluded that 24 h dietary recall by telephone involved less effort and costs, and that the dietary data obtained were similar to those collected by other methods. Face-to-face interviews are time-consuming and expensive, especially for large population-based dietary surveys (Fox et al, 1992; Marcus & Crane, 1986) . The cost of 24 h dietary recalls conducted by telephone is less than that of face-toface interviews (Derr et al, 1992) , by as much as a factor of two (Weeks et al, 1983) . Although most comparisons of 24 h dietary recalls conducted by telephone vs face-to-face interview have been performed using rather small samples (Galasso et al, 1994; Tran et al, 2000; Krantzler et al, 1982) ; Casey et al (1999) compared 700 telephone 24 h dietary recalls with 550 faceto-face interviews. This study concluded that 24 h dietary recalls conducted by telephone are a practical and valid tool for use in national food consumption surveys.
One of the main advantages of conducting interviews by telephone compared with face-to-face is that the sampling is not geographically restricted (Marcus & Crane, 1986) . Since the NOWAC study is a nationwide survey, conducting faceto-face interviews for the Norwegian calibration study, as in the rest of the EPIC countries, would have been logistically complicated. Thus, it was essential to develop an alternative design for the 24 h recall to be used in the calibration study for Norway.
The design of our study was based on comparison of independent groups, whereas previous similar analyses have been based on paired observations performed on the same subjects (Galasso et al, 1994; Tran et al, 2000; Krantzler et al, 1982) . The design of the present study where two different groups of women were compared has its strengths and limitations. The main advantage was that data collected where not biased by a learning effect. However, this could be avoided by randomizing the succession of the two interview settings for each participating subject. Another advantage of the design was that it was less demanding on each individual subject. Further, it is likely that a crossover design could have been associated with more practical problems, eg having to reach each subject twice causing a dropout problem. Seasonal variation is less likely to affect a design where the interviewing of the two separate groups runs parallel in time, compared to a crossover design where a randomization with respect to season is needed.
The two groups were similar with respect to basic characteristics, indicating a satisfactory randomized sampling procedure. A higher response rate in the face-to-face interview than in the telephone group has been found in other studies (Marcus & Crane, 1986; Fox et al, 1992) . Although the face-to-face interview in our study was more demanding on the interview subjects than the telephone interview, a greater proportion of those invited to the face-to-face interview attended. This may indicate that people tend to consider an in-person interview to be associated with greater integrity than a telephone interview. However, the higher response rate among the in-person interview group was most likely due to the fact that, to reach the required 100 participants in each group, two reminders were sent to this group, while only one reminder was sent to the subjects invited for telephone interview.
One concern about telephone interviews is non-covering bias due to the exclusion of subjects without a telephone (Fox et al, 1992; Bogle et al, 2001) . Since nowadays almost all households in Norway have a telephone, this is unlikely to have caused selection bias in the present study. However, it is likely that people reached by telephone differ from those attending a face-to-face interview. This was demonstrated by the significantly higher number of subjects that reported illness on the recording day among the subjects interviewed by telephone compared with the face-to-face group. It is likely that ill people will be less willing to make the effort to attend a face-to-face interview, especially if it requires going out, travel, etc. In our study, no controlled registration of the number of changed appointments due to illness was made. Due to the unequal number of people with illness on the recall day, these subjects were excluded from the analysis on reported energy, thus illness could not explain the difference in energy between groups.
The significantly higher mean energy intake recalled in the face-to-face interviewed group was attributed to one interviewer. When this interviewer was excluded from the analyses, the difference disappeared. This change in statistical significance could be caused by the lower statistical power resulting from the smaller sample size. This seems unlikely, however, since exclusion of any of the other interviewers did not have the same effect (Table 5) .
Identifying over-or under-reporting in energy intake in single 24 h dietary recalls at the individual level is associated with uncertainties due to day-to-day variation in diet. Several repeated measurements would be needed to estimate accurately the long-term usual individual intakes. Therefore, we assessed the mean recalled EI : BMR at group level. The mean EI : BMR for the two groups was below the lower confidence limit defined by Goldberg's cut-off* calculated Comparison of telephone vs face-to-face interviews M Brustad et al according to Black (2000) . Under-reporting has been considered a typical characteristics for the 24 h dietary recall method (Carter et al, 1981) and this was supported by our study. Based on our data there is no indication that underreporting is more common in either a face-to-face or a telephone approach since the difference in EI : BMR in the two groups in our study was most likely due to an interviewer effect.
The 24 h dietary recall method's vulnerability to an interviewer effect has been found elsewhere (Marcus & Crane, 1986) . Slimani et al (2000) have assessed, by analysis of variance, the mean energy intake for the 90 interviewers in the EPIC study. The difference in energy intake observed among interviewers in some EPIC centres was entirely attributable to one interviewer. Slimani et al addressed the need for development of more comprehensive statistical models to correct for, among other things, errors attributable to the interviewers. The interviews assessed by Slimani et al were all in-person interviews. It might be that a face-to-face approach is more vulnerable to an interviewer effect than a telephone interview, since the interviewer has a greater ability to influence the interview in the former situation (Fox et al, 1992) . The present study supports this assumption, but further research is needed to address issues related to interviewer effects in telephone interviews and in-person interviews.
The fact that different interviewers conducted the interviews in both methods can be considered a weak point in the study design because interviewers caused differences between groups in dietary data collected. However, the EPIC SOFT program is a standardized interview program and should therefore help minimize interviewer effects. When different interviewers were conducting face-to-face interviews and telephone interviews, we were not only assessing the impact on the setting (face-to-face vs telephone), but also the impact of the sum of the setting and individual interviewers effects on dietary data collected. The objective for our study was to assess whether or not the Norwegian 24 h dietary recalls conducted by telephone collected for the EPIC calibration study could be considered comparable with the face-to-face interviews from rest of the EPIC centres. Thus, our study setting, with different interviewers in the telephone and face-to-face group, was close to the real situation regarding the Norwegian 24 h dietary recall data and our participation in the EPIC calibration study.
The interviewers conducting the telephone interviews seemed to take less time than those conducting face-to-face interviews (data not shown). To record duration of each interview by EPIC-SOFT, the interview program had to be opened the moment each interview started and saved when each interview was done. This was not done systematically by the interviewers. Due to inadequate routines for measuring time spent on each interview, the time variable is not included in the analysis, but it is likely that the duration of the interview could have affected the quality of data collected. It is possible that spending more time probing and questioning would help the interviewee to remember more. On the other hand, if the longer time was due to the interviewer's comparatively poor interviewing routines, the interviewee might lose interest and hence less accurate data might be collected.
One important difference between the telephone and inperson interviews in the present study was that data collected in telephone interviews was not biased by the subjects' knowing in advance the exact day for the interview. Although the subjects interviewed face-to-face were not aware that they would be asked to recall their previous day's diet, the 'surprise effect' is more present in a telephone interview than in an in-person interview with a set appointment for the interview (Derr et al, 1992) .
The quantification methods did differ between the two interview settings. While the subjects interviewed by telephone used only the food quantification booklet, the subjects in the face-to-face interviews additionally used glasses, plates, spoons etc. Lyu et al, (1998) found that participants in a telephone-administered 24 h recall were able to use photographs for estimating food amounts. In our study, the photographs in the booklet were smaller than in the EPIC picture book, while the participants for the in-person interview could use models of the plates and glasses used in the booklet. This could have influenced the recalled portion sizes. However, since the recalled dietary intake did not differ between groups, there is no indication that the different quantification methods used did affect the quality of the dietary data collected. A weak point in the study design was that the Norwegian picture booklet was used in both the face-to-face and telephone interviews. If the original EPIC picture book had been used in the face-to-face interviews, issues related to differences in methodology between Norway and the other EPIC centres, such as the impact of restricted number of pictures and smaller photos on mean estimates, could have been assessed.
In conclusion, although in the Norwegian part of the EPIC calibration study the 24 h diet recalls were conducted by telephone instead of by in-person interviews as in the rest of the EPIC countries, the data collected by telephone appear to be interchangeable with dietary data collected face-toface. However, the results of this study confirm that the 24 h dietary recall method is vulnerable to an interviewer effect. The benefit of using the telephone as an alternative to the face-to-face approach should be considered in the further implementation of the EPIC-SOFT program.
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